Foreword
The electron microscope did not develop in the neat, logical way too often suggested in textbooks on electron optics. The present survey, which is intended to show how the instrument came about in reality, covers the period 1878 to 1939: from Abbe's prediction that instruments of this type would not be possible, to the successful commissioning of the first commercially produced high-resolution electron microscope. It is not the author's purpose to assign credit to the various contributors to the development; this has already been done in an ingenious manner by Gabor ( 1 957) .
Since the treatment is essentially historical, accounts of lectures, patent specifications and technical books have been used to supplement the publications of the learned societies, especially where such references can throw light on the state of scientific opinion at any given time.
Early misgivings about the possibility of an electron microscope
The optical microscope reached geometrical perfection at the hands of Ernst Abbe, joint founder of the Carl Zeiss optical bvcrks at Jena. In 1878 Abbe gave his considered viens on the ultimate resolving power of the microscope and added a few words on future developments. The limit to resolving power was henceforth to be set not by optical imperfections, but by the finite wavelength of visible light. Any further improvement must come about by using light of shorter wavelength but practical difficulties would prevent any substantial improvement by this method. In a more speculative passage Abbe ( I 878) conceded that human ingenuity might at some future date devise means of overcoming the wavelength limitation. However, he expressed his belief thus: "Such tools which in the future will perhaps aid our senses in the investigation of the ultimate elements 0: the universe more powerfully than present-day microscopes WU have little more in common with them than the name." Fifty-five years were to elapse before the latter part of this vleL+' was seen to be mistaken and the possibility of an electron 111:croscope closely analogous to the optical microscope was to become apparent.
Four years before, in 1874, Johnstone Stoney (1881) had pointed out to the British Association that the laws of electrolysis could be interpreted to mean that there was "a single definite quantity of electricity which is independent of the bodies acted on". This fundamental unit of charge he called E, and estimated it to be coulomb. H e regarded this charge as a real, natural unit and not as a figment of the imagination. H e added, "If we make this our unit quantity of electricity we shall have made a very important step in our study of molecular phenomena." In a subsequent paper Stoney (1891) named this charge the 'electron'. His suggestions were admired but not accepted by his contemporaries, who feared lest they be led into a n atomic theory of electricity, a view resisted even by Faraday. Stoney's electron was indeed a quantum of charge, not associated with either a corpuscular or a wave concept of matter. Nevertheless, this concept of charge is the only feature of the electron that has survived unscathed in subsequent physical theories.
The historical origins of the electron microscope
Historically-the name elcctron microscope is a misnomer. Unlike the electron diffraction camera it did not arise conceptually as a result of speculation and experiment by physicists on the nature of matter. A better name would be the cathode-ray microscope, since it emerged as a by-product in the course of work by electrical engineers on cathode-ray tubes, with a view to improving routine measurements of fast electrical transients. The emergence of the electron microscope was not affected by the naming of the electron by Stoney (1891), its subsequent discovery by J. J. Thomson (1897) or by the assertion of its wave aspects by de Broglie (1924) and their experimental verification by Davisson and Germer (1927) and G. P. Thomson and Reid (1927) . None of these events could be ignored in the interpretation of electron micrographs, once the instrument had been developed.
Cathode-ray tubes
Cathode tubes were first made in Bonn in the 1850's by H. Geissler, a glassblower of exceptional talent, through whose technical skill it became possible to seal electrodes into glass and obtain a tolerably good vacuum.* The curious * Geissler was awarded an honorary Doctorate in 1868 by rhe University of Bonn for his work in vacuum phlsics.
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phenomenon of the greenish glow from the glass walls of the tube when a high potential was applied between cathode and anode was investigated by J. Plucker (1858, 1862) and W. Hittorf (1868 Hittorf ( , 1869 . E. Goldstein (1876) continued the work and named the agent responsible for the glow 'Kathodenstrahlen' or cathode rays, an ambiguous title which was meant to suggest a form of ether radiation akin to light waves emitted from the cathode. This view was supported by the majority of Gerinan physicists including Hertz (1883) who made a cathode-ray tube with electrostatic and magnetic deflection. He was able to deflect the cathode rays by a magnetic coil, but not by his electrostatic plates, probably because the vacuum was not good enough. He concluded, however, that the rays were not material particles but a form of motion in the ether. It was generally admitted that some material particles were emitted from the cathode, but the protagonists of the wave theory denied that these were associated with the cathode rays. W. Crookes (1879) favoured the view that the rays were charged particles of matter in an attenuated state not hitherto encountered. J. Perrin (1897) showed that the charge of the particles was negative. In October of the same year J. J. Thonson (1897) described his famous experiments with cathode rays in which he repeated Hertz's experiments and succeeded in deflecting the cathode rays electrostatically. He also repeated the experiments of the supporters of the 'material corpuscle' theory in a way which avoided the objection of the supporters of the 'wave theory'. Thomson showed that the cathode rays could not be distinguished experimentally from the negatively charged corpuscles; these he found had a surprisingly small ratio of mass to charge. By assuming that the magnitude ol' the charge was equal to that of the hydrogen ion in electrolytic conduction, Thomson was able to assert, though not to prove, that the corpuscles had a mass of a thousand times smaller than that of the lightest atom and that any suggestion of a wave nature of the cathode rays was best forgotten. From then on, J. J. Thomson was universally regarded as the discoverer of the electron. a term which he never used himself, but which was applied by general consent in view of Johnstone Stoney's earlier suggestion.
The discovery of the electron had little or no effect on the designers of cathode-ray tubes, mostly electrical engineers, who still retained the old terminology, as indeed they do today.
Technological development of the cathode-ray tube
In Germany considerable technological developnient of cathode-ray tubes had taken place and before the discovery of the electron it was possible to purchase from the firm of Franz Muller (Geissler's successor) in Bonn a good cathoderay tube for making electricai measurements. Ferdinand Braun (1897) , designer of the tube, had already found out about the low inertia of cathode rays and long before Thomson's paper appeared mas busy displaying the oscillatory discharge of Leyden jars on the tube shown in figure 1 . This tube had a flat mica screen coated with fluorescent material instead of relying on the much weaker fluorescence from the glass. and was provided with niagnetic deflection. Such tubes 198 owed little to theory, but technical progress was rapid. Wiechert (1899) found that the rays could be concentrated into a smaller spot by an axial magnetic field produced by a long solenoid, the distant ancestor of the condenser lens. In France Dufour (1920) developed a demountable tube using high accelerating voltage and internal photography, both to prove of cardinal importance in the early development of the electron microscope.
Thermionic oxide-coated cathodes were introduced by Wehnelt (1904 Wehnelt ( , 1905 to replace the cold-cathode discharge tube; tungsten filaments came much later (Samson 191 X), but were generally considered too difficult technically in demountable equipment containing f i l m or photographic plates, before the introduction of the camera air-lock by Hochhausler (1929) Gabor's high-volrage oscillograph (1924-76) with internal four-p1a:e camera and iron-shrouded concentration coil.
which \vas developed by Gabor (1927) during the years 1924 to 1926 at the Technische Hochschule, Beriin, also under the direction of Professor Matthias. This instrument, which was specially designed for the highest sensitivity, worked at 50 kv and was provided \vith a four-plate camera for direct photography. Gabor's inspiration was to provide the niagnetic concentrating coil with an iron casing as shoan in figure 3 . One of the reasons for doing this was to restrict the magnetic field of the coil and so prevent it from interfering \\ith the working of the cold cathode or the deflector plates.
This iron-shrouded coil proved successful in many other respects as well, and is the immediate forerunner of presentday magnetic lenses. Gabor (1957) has disclaimed the invention of the magnetic lens on the grounds that his explanation of its action was incomplete at the time and fial qround joint foi
became clear only in the light of the classical papers of Busch (,1926 Busch (, , 1927 . Even SO, the full significance of the iron shroud for electron microscope lenses became clear only after the difficulties associated with such an apparatus are still formidable today. Clearly Stintzing was not the inventor of the electron microscope in Abbe's sense of the word. detailed experiments of Ruska and Knoll (1931) referred to below. Busch was, without doubt, the founder of geometrical electron optics and his theoretical and practical demonstration that a short magnetic coil converges cathode rays in the way that a burning glass converges light rays proved a great stimulus to German electrical engineers who were developing cathode-ray equipment. Nevertheless, although Busch pointed out the formal analogy between electron trajectories and the paths of light corpuscles he did not go on to draw the conclusion that electron-optical instruments such as electron microscopes or telescopes ought to be possible. In fact some years Ivere still to elapse before these ideas were expressed in documentary form. The postulate of the wave nature of electrons put forward in 1924 by de Broglie (1924) had no influence on the early history of the electron microscope ; the idea of the exclusively corpuscular nature of the cathode rays was by now so deeply ingrained that wave properties were considered to be purely a mathematical formality.
First proposal for a cathode-ray 'microscope'
The first proposal for overcoming the resolution limit of the optical microscope by using a beam of cathode rays took the form of a patent application on 13th May 1927 by Stintzing (1929). Stintzing's idea was to mount a specimen consisting of a number of sub-microscopic particles on a silver grid of known dimensions and scan a fine beam of cathode rays across it (he suggested a diameter of 200 i as a start). The cathode rays scattered by the specimen were to be picked up on a collector, amplified and recorded on a chart recorder moved in synchronism with the electron beam. Figure 4 shows a hypothetical apparatus" incorporating the claims of ihe patent and making use only of elements known in 1927. The patent is interesting in that Stintzing states that there could be no limit to the resolving power, a statement consistent with a corpuscular view of the electron. 
A systematic investigation into geometrical electron optics
The questions raised by Gabor's partly iron-shrouded concentrating coil and Busch's electron-optical lens theory of its action led Professor A. Matthias to institute a systematic study at the Technische Hochschule, Berlin, into the whole subject. The investigation which was carried out by Ruska and Knoll commenced in 1928. The equipment consisted of a gas-discharge cathode, an anode, the coil under test and a glass plate as a fluorescent screen o n which the image appeared and which could be photographed by an external camera. It was found that in order to measure focal lengths and magnification accurately it was preferable to form an image of a small aperture placed near the anode, rather than use the ill-defined. gas-discharge as a source. This experimental refinement placed the work of Ruska and Knoll in an entirely different category from that of previous investigators of the high-voltage oscillograph, several of whom may well have observed the apparent image of the cathode on the screen whilst adjusting the concentrating coil without realizing its full electron-optical significance.
With this equipment accurately known magnifications ranging from x 1 to x 10 were obtained and Busch's theory was verified within experimental error ( 5 % ) for both aircored and iron-shrouded lenses. It was found that a complete shroud of iron made no appreciable difference to the focal properties of a coil in agreement with Busch's theory, but by leaving a small air gap. the excitation could be concentrated over a narrow region with a substantial reduction in focal length, as well as a reduction of the unwanted stray field from the coil. The results of this investigation which laid the foundation for magnetic lenses for the electron microscope were submitted by Ruska (1929) as a thesis (Studienarbeit) to the Faculty of the Technische Hochschule and formed the basis of a paper by Ruska and Knoll (1931) constituting the first systematic study of the magnetic converging lens. The paper was submitted to Zeirsckvift fiir fechiiische Physik on 28th April 1931 and published in August of the same year. This paper contains two electron images of a small aperture taken at a magnification of just over unity. These images could fairly be regarded as images
from a simple microscope (electron-optical magnifying glass), but the authors did not in fact draw specific attention to this. Busch (1927) patent specification. Both authors were entirely concerned with the concentrating action of the lens in the high-voltage cathode-ray oscillograph and neither referred to the possibility of forming an image of an object with such a device. Nevertheless, it is of historical importance that the electro-
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static lenses themselves were actually in use before the possibility of an electrostatic microscope appeared in print. Private speculation, however, on the possibility of an electron microscope had been going on in Berlin as far back as 1928, according to Gabor (1957) . In November 1930 the A.E.G. Laboratories in Berlin under Professor C . Ramsauer began a systematic study directed by E. Bruche of electron optics with electrostatic lenses. Earlier in the year Briiche (1930) had referred to certain analogies between electrostatic, magnetic and optical lenses. Not all the analogies suggested in this article were to find a place four years later in the famous 'Geometrische Elektronenoptik' of Bruche and Scherzer which appeared in 1934, but they undoubtedly provoked much thought and discussion among their readers.
The electron microscope in principle and in practice
The year 1931 was a busy one for electron optics and electron microscopy. On 30th May 1931 R. Rudenberg (1932) , as assignor to Siemens Schuckertwerke Berlin, filed a comprehensive patent in Germany on the electron microscope, embracing both magnetic and electrostatic instruments. This patent was not granted at first in Germany, but patents (see references) were obtained in France, Switzerland, Austria, and U.S.A., with priority as from 31st May 1931. He also patented the electrostatic unipotential lens as an imaging lens for the electron microscope. The existence of these patents and the fact that initial experimental work had been carried out successfully at Siemens was first disclosed by Rudenberg (1932) in a letter to Nafurwissenschqfren dated 7th June 1932. The French patent (737,716), the first to appear, was published on 15th December 1932. The U.S.A. patent (2,058,914) was not published until 27th October 1936. The content of these patents and the circumstances leading up to the application have been described by Rudenberg (1943) . Any doubts about these patents in Germany were removed on 24th September 1953 when the German patent (895,635) was granted with the priority date of 31st May 1931.
Officially, thereroore, in Patent Law, Riidenberg is the inventor of the electron microscope, although his subsequent emigration from Germany prevented him from taking any part in the early development of the instrument. Rudenberg's patent expressed two important ideas in print for the first time: (i) the overcoming of the resolution limit set by the wavelength of light by means of an image of an object formed by electrons, (ii) the means of successive magnification of that image by a series of electron lenses so that the resolution could be realized in practice.
Five days after Riidenberg's application, on 4th June 1931, Knoll gave a lecture (The Krantz Colloquium*) at the Technische Hochschule in Berlin, in which he showed electron micrographs obtained in collaboration with Ruska taken on the two-stage electron microscope shown schematically in figure 7. These had been obtained several weeks previously. This apparatus, the first compound electron microscope, is probably more accurately described as an electron-optical bench since it was designed primarily for making accurate measurements of magnification rather than for looking at specimens; for this reason a glass plate rather than a zinc sulphide phosphor was used to display the final image. There were two lens coils without iron shrouds; a condenser lens and iron shrouds were added later (Knoll and Ruska 1932a) . Knoll showed images of the gas-discharge ' Colloquia held at regular intervals in the department Of Professor Krantz.
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cathode and of objects such as meshes and apertures placed at B1, using both lenses. The total magnification was a modest 17 x . Images of the gas discharge cathode and of apertures, obtained with an electrostatic lens described below, were also shown. The electrostatic lens giving a magnification of 10 is not shown in figure 7, but its fixing position is indicated in the figure. It is interesting to note that every part of this first electron microscope, except for the electrostatic lens, was known before 1900, but this was the first time that the imaging properties had been fully appreciated. The comprehensive paper by Knoll and Ruska (1932b) which described this work occupied 55 pages, and contained 26 figures, including figure 7 above, and was submitted to Annalen der Physik on 10th September 1931 and published in the JanuaryiFebruary number of 1932. This paper laid a sound foundation for the magnetic transmission instrument; the same cannot be said for the electrostatic instrument.
In this paper the quality of the images obtained with the electrostatic lens was poor compared with those found with the magnetic lenses. This was mainly due to the use of the 'Kugelkondensator' lens shown in figure 8, a n unsuitable design for electron microscopy because of the extra aberrations introduced by the coarse mesh placed over the hole in the central electrode. Aperture lenses were briefly mentioned, but their importance as electron-optical elements does not appear to have been fully realized at the time.
The focusing properties of apertures
At a meeting of the American Physical Society later in the Same month (15th-20th June 1931) Davisson and Calbick (1931) showed theoretically that the action of a hole in a charged plate on a beam of electrons was analogous to that of a spherical lens on light waves and gave a n approximate expression for the focal length. At the end of 1929, these authors had embarked on a theoretical and experimental study of the focusing of e:ectron beams aimed at an improved understanding of the electrostatic cathode-ray tube, and had come to appreciate quantitatively its electron-optical character. On 26th August 1931, Hamacher (1932) submitted a paper to Archiv ,fiir Elekfrotechnik in which he showed experimentally that the magnetic concentrating coil could be used to produce a magnified image of an aperture, a useful feature for the adjustment of the lenses in high-voltage oscillographs. -4lthough this paper was anticipated by Knoll's lecture it provides additional evidence that by the end of 1931 several laboratories in different parts of the world were beginning to realize the possibility of constructing an electron microscope.
In September 1931, H. Johannson joined Bruche's team at the A.E.G. Laboratories in Berlin and took up the work on electron-optical imaging with low-voltage electron beams. Shortly afterwards, electron images of the emission from an oxide-coated cathode were obtained on a fluorescent screen. This result was communicated at the end of iVovember 1931 by Bruche (1932) as a note to Natiivwissenschaften which appeared in January 1932. The note included an electron emission micrograph of an oxide cathode in which scratch marks made on the surface for calibration purposes were clearly visible in addition to the structure of the cathode. The resolution was estimated as 10 microns for an accelerating voltage of 200.
A fuller account of this electrostatic emission microscope by Bruche and Johannson (1932) appeared in May 1932. The paper included the photograph shown in figure 9 , which shows the cathode, the apertures forming the immersion lens and the fluorescent screen. The construction is that of the optical bench; an overall magnification of between one and two hundred was obtained.
Although not strictly the first electrostatic emission microscope it was superior in conception and in operation as a research tool to Knoll and Ruska's spherical condenser lens instrument. It laid the foundations for all subsequent electrostatic emission microscopes as well as leading to a theoretical analysis and experimental study of the equipotential lens by 201 Johannson and Scherzer (1933) which paved the way for the A.E.G. electrostatic transmission microscope.
Knoll and Ruska abandoned their mesh lenses and the emission microscope described in a paper by Knoll. I-loutershown in figure I I . The gas-discharge cathode operating at 7S kv was retained, followed by a condenser lens to control the intensity of the beam on the specimen, ;in ohjcctivc and ;iIso left electron microscopy and took up and Rusks now found this prediction amply confirmed in their new instrument. A sober appraisal o f the available evidence made it difficult to avoid the conclusion that the electron microscope, although of considerable academic 13. The successful application of the electron microscop to interest, could never reach a state of practical usefulness, Ict alone attain the limiting resolving power of 2 . 2 A (at 75 kv)
The future of the electron microscope now lay entirely in announced on theoretical grounds, by Knoll and Ruska the hands of L. Marton in Brussels. Inspired by the first (19320 Having made a decisive contribution to electron instriiment of Ruska and Knoll, Marton (lY34a) completed microscopy, Knoll left the field and took up electron-optical the magnetic instrument shown in tigurc I2 hy the end of problems in television; Ruska continued alone.
1933. Apart from the horizontal construction it followed By the end of 1933 he had built the electron microscope closely the design of Knoll and Kuska. In his 1934 paper 202 Ruska had alrcady pointed out that the chief mechanism of image contrast was the scnttering of electrons by the specimen and not the absorption of electrons as had been supposed in the early days. Marton immediately applied Bothe's theory of multiple scattering to the problem and concluded that it should be possible to examine biological material in the electron microscope, if special precautions were taken to avoid specimen damage. Some preliminary calculations were reported to the Belgian Academy of Sciences (Marton 1934b) on 8th May 1934 in a short note which included the first elcctron micrograph of a biological specimen, a 15 micron thick section of a leaf of the Sundew plant (Drosarn irtfernwrlia) shown in figiirc 13; the rcsolution was about a micron. Marton found that if the optical microscopists' normal tcchnique of osmium impregnation was used in preparing the specimen, the basic structure was preserved in skeletal form even after all the organic material had been destroyed by the electron bombardment, a result that could hardly have been predicted. By the beginning of August, Marton (1934) had improved the technique further by mounting the specimen on an aluminium foil 0.5 p, thick to conduct the heat away. Figure 14 shows a micrograph taken in this way of a section of the root of the Bird's Nest Orchid' (Naottia nidus avis) in which the nucleus can be distinguished in one cell. These experiments indicated the solution to the specimen * Curiously described as 'seaweed' in the publications in English.
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problcni, namely the use of thinner sections and support films and the necessity for shorter exposure times. They also provided the basis for a later, more comprehensive theory (Marton 1936a) of the image contrast in the electron microscope based on multiple scattering theory.
Technical progress-internal photography and air locks
Towards the end of 1934 , Marton (1935 was building a new electron microscope of advanced design ; the completed instrument is shown in figure 15 . Thc maximum operating
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( M~s c a cjonws/ira) showing a resolution of 400 A without any staining or preparation whatever.
The first commercial electron microscope
By this time the outlook for electron microscopy W;IS niore hopeful and in 1935 the Mctropolitan-Vickcrs tllcctrical Company in England accepted the first ordcr for ;I cnnlmcrcial electron microscope. This instrument, known iis thc I:M I, is shown in figure 16 and was made in thc Kcsenrch 1)ep;irt- The first instrument to be fitted with air locks for specimen and photographic plate.
voltage was increased from 35 to 90 kv. and specimen and photographic plate air locks were fitted for the first time in electron microscopy. These air locks made a decisive contribution to the practical use of the electron microscope. Not only was it possible to examine specimens more conveniently, but the more efficient internal photography now became easy. The resulting reduction in electron dosage was considerable and Marton (1936b) found that sections of Neottia nidus avis that had not been treated with osmium but merely with formalin remained undamaged, and showed a resolution better than that of the optical microscope.
Meanwhile in June 1934 in Berlin, Driest and Muller (1935) Basically this instrument was a modified high-voltage oscillograph of the type developed by Rurch and Whelpton (1932) ; the completed instrument was installed in lmpcrial Collcgc, London, in 1936 . Like the first instruments of Knoll and Ruska, and of Marton, the EM1 did not surpass the optical microscope in resolution but provided valuablc cxperience for later models.
An ingenious experiment
In the meantime, during the latter half of 193.5, Boersch at the A.E.G. Research Laboratories in Berlin had been investigating the physical basis of the electron microscope.
On 7th April 1936 he submitted for publication his fundamental paper 'On the primary and secondary image in the electron microscope' (Aoersch 1936a) in which he showed by a series of ingenious experiments that the imaging process in the electron microscope is entirely in accordance with Abbe's theory of image formation in the optical niicro-
scope. In Abbe's theory the primary image is the diffraction pattern of the object, located at or near the back focal plane of the objective lens; the seconduiauy image, i.e. the one normally used for viewing the object, is the result of the mutual interference of these diffracted rays that pass through the aperture of the lens. Tne quality of this image is profoundly affected, for example, if one suppresses part of the primary image. Figure 17 By comparing the various secondary images that were obtained from different parts of the primary image, Boersch was able to show that the electron microscope was a true counterpart to the optical microscope.
Selected area diffraction
If Abbe's theory held for the electron microscope then the rays that formed the image should also contain information about the diffraction pattern from the object. On 29th May, Boersch (1936b) submitted a second paper in which he showed experimentally that this was so, and, further, that the electron microscope could be used as a micro-difraction camera by incorporating an aperture to select part of the secondary image. His experimental arrangement shown in figure 18 consisted of a 30 kv electron gun which irradiated a gold foil specimen. An iron-shrouded magnetic objective lens produced a magnified image ( x 13) of the foil on a fluorescent screen SD. This image was observed through the glass wall and internal wire mesh screen of the tube shown in figure 16 . The electrons forming a chosen part of the image were arranged to fall on to a 1 mm hole in the screen. Subsequently they passed through the 'diffraction' lens Lz which was adjusted so as to image the back focal plane of lens L, (containing the diffraction pattern) on to a photographic film or fluorescent screen located in the camera attached to the glass tube. With this simple, but elegant, arrangement, Boersch was able to obtain good diffraction patterns from selected areas of 80 microns in diameter.
Boersch's work did not have an immediate effect on the design of the electron microscope which by now had far outstripped theory. However, it did make the electron microscope a respectable subject for physicists, since a wave optical approach now appeared useful, even fruitful.
The discovery of selected area diffraction greatly increased its potential as an analytical tool, although many years were to elapse before Le Poole (1947) refined the method and incorporated it into a high-resolution instrument.
Support from Eedical and biological circles
By the end of 1936, the initial scepticism of physicists and biologists concerning the value of electron microscopy had weakened appreciably; indeed notable converts had been made in medical and biological circles in Berlin. This new situation encouraged Ruska to try once more to obtain support from industry to develop and produce an electron microscope of high resolving power. Here the enthusiasm and energy of von Borries proved invaluable. From the earliest days, von Borries possessed a deep faith in the possibilities of the electron microscope and had never ceased to press for its development as a research tool in biology, medicine, chemistry and metallurgy.
By the end of the year, mainly with the support of prominent physicians and biologists in Berlin, von Borries and Ruska succeeded in persuading both Siemens, Berlin, and Carl Zeiss, Jena, to provide the necessary facilities for the serial production of a high-resolution electron microscope. Rcska's idea that the two firms should se; up a joint laboratory did not prove acceptable to either firm (cf. Ruska 1957) Figure 18 . Single-stage electron microscope of Boersch (1936a) with aperiured fluorescent screen. followed by 'diffraction' lens and film caniera for obtaining diFraction patterns from selected micro-areas of the specimen.
greatly superior to that of the optical microscope. Air locks were provided for specimen and photographic plate. There were no novel features, but everything was engineered to ensure reliable operation. 
